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Abstract

The aim of this study is the development of technologies of methanol production from
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carbon dioxide by catalytic hydrogenation.

Experiments about carbon dioxide hydrogenation by catalyst mixed with CuO, ZnO, Cr:03

and Al:03; were conducted to find optimum catalyst and reaction condition. Reactions were

carried out at afmospheric and high pressures between 200 to 350°C. High yield of methanol
was obtained with Cu/ZnO/Cr:03/Al;O;s catalyst at 250°C and above 30 atmospheric pressure.

There was not any increament of hydrogenation reactivity for the catalysts which was made

by the addition of Pd to Cu/ZnO/Cr:03/Al:Os.
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Fig. 1 Flow diagram of the experimental system
for hydrogenation of COs

It AgF-FA(Mass flowmeter)& A3t =
AR 7Y g 2H9 ASde ¥y gty
ZAE A wer] FuRe] Zt 0~250psi, 0
~1500psi W He uit=H7|(Back Pressure
AEdog At ALY 5 3l

Regulator) &

=& 3ot

2.2.2 vtg7]

Bl 1/27 2HQEA FH 9gI]E ALS
den, Zojg A3y 98 F&A YUHE

AHE3LET Wgrlel WAL 0417, Hole 184"
olth ¥Hg71e] 2= E UEY /IIER(AW)E o]
83t H1 1200°C7AA S8 5 AZE Yo
5, PID 237)§ AHS3ld &= Z2aWT 715
ot Zujl @Al A6 f4A £H9E + AE
£ Quick coupling€ &l FA3iHct = 4
718 2xxEE gt ¥h87] URe] Hxe

- 149 -



o
=1
ok

a
%
o
Hi
M)
ofy

& Al Thermocouple) & AX3tYT}.

223 ¥471d

W7l A B E AHES 58 9] 3
o WH2-7]5E Sampling portd] ol2E BL
Heating tapeg ©]|&3ld 100°CE 7I9EE %
T NrzgnEagizg Bl 2EMSEd 44
9 4L Shimazu 9A G.C. FHE AM2314
o, Z+Zt Porapak Q column ¥ Molecular
Sieve 5A columno® 2F TCD H&EV]E ol&
3ok

2.3 2B vt AUy

ojtgtely] £43 WS AY gL =2
F AE AHE Aol kg71e) 23§ ¥ Holx 16
Al o) 200°CE B3 en, $43 vhgA
FF o8 A E Moz oA £42 U
A Fash RIE2EE 250~350°Ce HH el
A, 23 3% R e 23 Foje wbg
e ZAEIRLT, oiigtgas 48 &4 )
13 o8 YWY EUEE AMREET ZE A
PelX Fujo] %& 05grog FYsic)

3. Addxn @ o

3.1 29| A

Table 1914 B vk}l #o] Cw/ZnO/Cr:0y
AbLO; FujellA CO, AE-EL 280°C dwi7t A
X, e dd4EL 220°C 4 Wil A =
o dEge $&2 250°C ¥ w7t g Fol,
30719 AN E 250°C7F HH9) ZR@oltt
Fig. 2& CwZnO/Cr:04/ALO; FHufollA x4
0E CO:o AEEH 4HES ¥E vad A
o), Tyl SEEdsE AEgEe sy, &

o, A, FH4, 2o

% conversion of CO2 vs. Temperature]

% conversion
3

10 2%
Temperature {oC)

Fig. 2 Comparison of % conversion of COs and
% product over various temperatures on
Cuw/ZnO/Cr:0+/ALOs catalyst
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Table 1 Temperature effect

150" | 112 { 87 | 097 | 0058
220 631 | 887 | 560 | 0.168
250 115 517 | 595 | 0178
280 145 292 I 456 | 0137

« Catalyst : Cu/ZnQO/Cr203/A203(25 : 415: 1.2 : 32,
3), catalyst loading 05gr, flow rate
100cc/min., pressure  30atm., space
velocity 12/gr/hr

=1 catalyst loading : 0.25gr
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« Catalyst : CufZnO/Cr:0/ALO; (25: 415:1.2: 32.3),
catalyst loading 0.5gr, flow rate 100cc/min.,
temperature 250°C, space velocity 12l/gr/hr

commerciat 45 408 184 10110
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» catalyst loading 0.25gr, space velocity 24l/gr/nriflow rate
100cc/min,), temperature 250°C, pressure 30atm.

% conversion
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Fig. 3 Comparison of % conversion of CO» and o &2 vlag AAE Heje] wat 2 WsE

9% product over various pressures on 24 CwZnO/Cr:04/AlOs &Fei7h the Fujroh
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Fig. 4 Comparison of % conversion of CO; and
% product over various catalysts

3.4 Pde| #ot &}

gE Avte 29 Spill-overARE Fe
Aoz geiA o, YvtAoE S48 uhgd
48 2202 ARHDT ok B AFME
CWZnO/Cr0¥/ALO; &wlo] PAE H7}st] o
o] #H7} ARE AT Table 4 R Fig. 59
A BE us} go] oAlgigiie) AYETH v
Adzel A3E R huse)” 4¥s 2nge
e Aoz dehged, 71&e Zsjge we
vge] gA4o) g B4 Relx Yok

Table 4 Yield

by Pd addition

Cu/ZnOfCra04/ALOs 15 517 595 | 0.178
(25:415:1.2:32.3)
“+ Pd 2% 1045 382 399 1 0120
"+ Pd 5% 7683 364 278 | 0083

~ temperature 250°C, catalyst loading 0.5gr, pressure 30atm,
space velocity 12lfgr/hr

Fig. 5 Comparison of % conversion of COz and
% product over Pd-added Cu/ZnQ/Cr:0s
/AlOs catalysts
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Fig. 6 XRD patterns of Cu/ZnO/Cr:0:/Al,O;
catalyst before and after reaction
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Fig. 7 XRD pattems of Cu/ZnO/Crz0s/Pd/Al:O5
(Pd 296) catalyst before and after reaction
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Fig. 8 XRD pattern of Cu/ZnO/Cr:03/Pd/AlQOs
(Pd 5%) catalyst before and after reaction
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after reaction

Fig. 11 Scanning Electron Micrographs of Cu/ZnO/Cr:0¢/Pd/Al:0s(Pd 5%) catalyst before and after reaction
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